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ABSTRACT 
A method is presented which details how a descriptive language can be developed for effectively communicating 
listeners’ individual auditory spatial experiences during subjective evaluations. The language-development method 
focuses on identifying and minimising ambiguities which could prevent the representation of listeners’ experiences, 
or the researcher’s comprehension of these experiences, when communicated. The development of a specific 
descriptive graphical language provides an example of the method in practice. Details of this particular language’s 
evolution are summarised; from the elicitation and clarification of listeners’ individual graphical descriptors, to the 
development and evaluation of a communal language. Ambiguities encountered at the various stages in this 
language’s development are illustrated in a descriptive process model.    
 
                                                          
1 Currently with Harman/Becker Automotive Systems.  
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1. INTRODUCTION 
In the field of subjective audio evaluation, the audio 
device has historically provided the experimenter with 
the motivation for research. Typically, research 
questions are formulated around this focus and the 
listener asked to provide a measure of the device as 
perceived. Since the aim is one of obtaining a reliable 
measure, subjective evaluation has aligned itself with 
more objective scientific inquiry. To obtain a reliable 
measure, listeners have traditionally been selected for 
their listening expertise and trained to improve the 
correctness of their responses: correctness being 
ascribed to a response which correlates with the 
researcher’s knowledge of how the physical parameters 
of an object should lead it to be perceived.  
Rather than associating effective subjective evaluation 
with a reliable measure of an object, an alternative 
perspective is to explore - and understand in more detail 
- the experiences of listeners when presented with the 
stimulus. Here, rather than asking the listener to 
understand what the researcher would like them to 
measure (leading to a characterisation of the audio 
device as known by the researcher) the listener’s 
auditory experiences are regarded (a priori) as valid and 
effective conclusions reached when the researcher is 
able to understand these experiences. Essentially, 
exploratory, listener-focused, research provides the 
researcher with an opportunity to understand the sound 
quality attributes that are salient to the listener, 
establishing valid foundations for subsequent subjective 
studies. However, in order to build these valid 
foundations, the listener needs to be able to 
communicate their experience to the researcher. 
1.1. The necessity and complexity of 
communication in subjective evaluation 
Since auditory experiences are distinct from the 
languages which enable their structuring, 
differentiation, description and communication, eliciting 
this information from listeners is not a simple process. 
Effectively, rather than communicating the listener’s 
actual experiences, language merely enables a 
representation to be elicited in the chosen medium. 
Since it is a representation, a description is not as 
complete as the listener’s actual experiences, with 
experiences moulded to fit the form of their 
communication. Listeners may find it difficult to 
identify an appropriate descriptive term to represent the 
subtleties of thought, or the chosen language may 
prevent listeners from describing difficult percepts. 
Even if listeners are able to describe their experiences, 
an individual’s choice of terminology could differ 
according to context. Moreover, it is difficult to state 
with any certainty whether each individual will use the 
same language in the same way. Kelly believes the 
terminology used by an individual will have meaning 
for them, however the meaning associated with this 
terminology may not be universally held and 
consequently the terminology may represent an 
alternative experience in another. He asserts:  
Since constructs are primarily personal, not all of them 
are easily shared. The particular nature of a person’s 
construct2 or his unusual use of terminology may be 
misleading to his listener.     
  (Kelly, 1963, p116) 
Regardless of its peculiarities, language is central to 
listener-focused subjective evaluation and, as it is 
inevitable that language will be used, the challenge 
becomes one of identifying a medium capable not only 
of providing the listener with a means of representing 
their auditory experiences, but also the researcher with a 
means of understanding these experiences when 
communicated. It is the aim of this paper to present a 
summary of a method for developing and evaluating 
such a descriptive language.  
2. EVALUATING A DEVELOPING 
DESCRIPTIVE LANGUAGE  
Before providing a description of the language-
development method, it is useful to summarise how the 
effectiveness of a novel descriptive language can be 
evaluated.  
Throughout the history of sensory analysis, researchers 
have been faced with the challenge of attempting to 
obtain descriptions of audio stimuli or auditory 
experiences from individuals. However, individuals are 
precisely that - individual - a fact that complicates 
subjective methods of evaluation because of the 
ambiguities that are introduced. Specifically, 
ambiguities are known to arise as a result of:     
                                                          
2 Personal constructs are the system of dichotomous 
contrasts used by the individual as they try to make 
sense of their experiences (see Landfield 1968 and 
Kelly 1963) 
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1. Differences in the experience of the individual: 
When provided with the same stimulus, an 
individual may respond differently to their peers or 
than expected.  
2. Differences when deciphering the requirements of 
an investigation: Individuals may understand the 
requirements of a study differently from how these 
were intended to be understood.  
3. Difficulties in responding in the language of the 
investigation: Although they may know what 
problem they are required to solve, a listener may 
find the response method difficult to use.  
4. Differences in how the investigation is completed: 
A listener may understand the problem they are 
required to solve and be able to use the response 
language; however, they may solve the problem in 
a different way to expected. 
5. Differences over time: It is possible that an 
individual will change their way of responding over 
the course of an investigation and consequently 
produce responses which are inconsistent. 
The first three sources of ambiguity are all cited in the 
work on Sensory Evaluation Techniques by Meilgaard 
et al. who declare: 
The annals of sensory testing are replete with 
results that are unreliable because many of the 
panelists did not understand the questions and / or 
the terminology used in the test, did not recognize 
the flavor or texture parameters in the products, or 
did not feel comfortable with the mechanics of the 
test or the numerical expressions used.  
          (Meilgaard et al., 1999, p2)  
An individual’s inability to recognise attributes of a 
stimulus is an obvious problem when this stimulus is the 
reference against which a panelist’s responses are 
validated. Meilgaard’s solution to this problem is to 
“shape the mental process” of the listener by training 
them. Although advisable in situations where 
participants are required to evaluate an audio stimulus, 
shaping the mental process of an individual is at odds 
with the aims of a listener-focused investigation. Put 
simply; training a listener to recognise an object 
influences the listener’s experience of that object. Thus, 
following training, a listener’s representations would be 
more likely to reflect the investigation process (and the 
experiences of the researcher) rather than their own 
experiences. It should also be noted that, since the 
purpose of a descriptive language is to communicate 
listeners’ auditory experiences, it is of little 
consequence whether the listener is (or is not) able to 
recognise particular attributes of a stimulus, providing 
that whatever they recognise can be described using the 
developing language.  
Similarly, even though it may be simpler to establish 
the reliability of a descriptive language when a listener 
responds consistently to the same stimulus, it is worth 
noting that inconsistency is not necessarily an indicator 
of a listener’s inability to represent their experiences. 
Indeed Köster suggests that looking for consistency in 
an individual’s responses is one of the great fallacies in 
sensory science, as each individual:  
Has a memory and therefore the second encounter 
with a stimulus may not mean the same to him or 
her as the first one.     
  (Köster, 2003, p361) 
Consequently (as long as listeners’ descriptions reflect 
their actual experiences and are not an outcome of their 
participation in the investigation3) it is entirely possible 
(and valid) for a descriptive language to be used 
ambiguously. It is therefore necessary that this is taken 
into consideration when selecting the method to be used 
in the evaluation of a novel communication medium.  
As alluded to in the previous paragraphs, the fact that a 
listener may (quite validly) respond inconsistently to an 
audio stimulus (or fail to describe physical differences 
between stimuli) limits the effectiveness of quantitative 
analysis methods. These methods remain useful when 
listeners represent consistent experiences or describe 
experiences which vary when physical parameters of a 
stimulus are manipulated, but alternative methods are 
required where data are more ambiguous. Here, instead 
of dismissing seemingly anomalous responses as 
outlying, qualitative methods, and in particular a check 
on the meaning of outlying data or surprising results, 
provide a suitable means of explaining ambiguities in 
listeners’ responses and evaluating the effectiveness of a 
descriptive language. 
                                                          
 3 For example, descriptive ambiguities should be 
considered problematic where these arise as a result of 
the listener being unable to decipher the investigation 
requirements or use the developing language to 
represent their experiences. 
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Where subjective evaluation aims to obtain a reliable 
measure of the perceived qualities of an object under 
study, the rigorous control of numerous factors is 
advised. Physical factors (such as the listening location 
or loudness of the stimuli) can be equalised or included 
in the investigation as factors of interest, whilst the 
randomisation of stimuli, and the use of (double) blind 
methods, can compensate for the unwanted affects of 
variability introduced by the investigation itself. The use 
of qualitative research methods does not prohibit the 
stringent control of extraneous variables. Furthermore, 
qualitative research is ill-advised if it fails to: (i) 
adequately investigate unusual responses; (ii) 
understand limitations concerning the population being 
studied; (iii) acknowledge the researcher’s role in data 
acquisition (and resultant bias in the interpretation of 
this data); (iv) consider returning results to respondents 
for feedback and validation.  
Accordingly, alongside the analysis methods typically 
used in subjective evaluation, the language-development 
method described in this paper focuses on clarifying 
ambiguities in the communication between listener and 
researcher which may prevent the researcher from 
comprehending listeners’ experiences. This more 
qualitative analysis concentrates on providing answers 
to three specific questions, namely: 
• Where are ambiguities occurring? 
• Why may ambiguities be occurring? 
• How can these ambiguities be minimised?  
3. OVERVIEW OF THE DESCRIPTIVE 
LANGUAGE-DEVELOPMENT METHOD 
The process of going beyond conventional quantitative 
analysis methods (to focus on systematically identifying 
and minimising ambiguities in listeners’ responses) has 
resulted in the evolution of a novel method for 
developing listener-focused descriptive languages. This 
method can be briefly outlined as follows:  
3.1. Elicitation of descriptors from individual 
listeners  
Elicitation is a necessary first step in the development 
of a descriptive language where the objective is the 
communication of listeners’ auditory experiences.  
As mentioned in the previous section, one of the known 
sources of ambiguity in subjective evaluation occurs as 
a result of the listener finding the response medium 
difficult to use. When the respondent doesn’t feel 
comfortable with the terminology used in the question 
asked by the researcher or the mechanics by which they 
are required to respond, there exists the potential that; 
(i) the individual will be unable to describe their actual 
experience, or that; (ii) the experience described by the 
listener will not answer the question posed by the 
researcher - a problem since the researcher will look to 
this question when providing a descriptive account of 
the listener’s representations. Ambiguities can be 
minimised if the investigation uses language familiar to 
the respondent. But what constitutes familiar? As Guski 
declares:  
It should be noted that individual human subjects 
in psychoacoustic laboratories still have their 
individual history and may use even common 
language in a slightly different way than the 
experimenter intends.  
(Guski, 1997, p767) 
In a review of investigations in which participants had 
either used their own descriptive terms or had been 
provided with a language to use by the investigator, 
Adams-Webber (1970) identified that an individual’s 
own system of personal constructs were more beneficial 
than provided constructs for structuring their 
environment. Similarly, in a later publication by Bech 
(1999), it was identified that results based on elicited 
constructs4  were more reliable.  
Since an individual can use their own language more 
reliably than one provided for them, it is prudent that 
the development of a novel descriptive language take 
this into account. Accordingly, to ensure that a 
developing language is meaningful to the listener, an 
elicitation stage is involved which asks individuals to 
structure and represent their experiences of various 
audio stimuli using their own descriptors. During the 
elicitation stage the researcher can acquire an 
elementary understanding of the auditory experiences 
that can be represented using the listeners’ individual 
descriptors and also perform a rudimentary analysis on 
the data obtained from listeners. In addition, this initial 
stage provides the researcher with an early occasion to 
assess (and, where necessary, modify) the method used 
in the running of the investigation.  
                                                          
4 Elicited constructs were defined by Bech as those 
“generated by the subjects themselves without any 
influence of an experimenter” (Bech, 1999) 
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3.2. Clarification of individual descriptors by 
listeners 
Clarification, the second stage in the development 
process, presents the researcher with an opportunity to 
identify how listeners are using their descriptive 
languages and the experiences that are being 
represented in the chosen medium. The clarification 
process can best be described as an interview, whereby 
the listener is asked to explain how they are describing 
their auditory experiences.  
Berg (2002) used a method based on the Repertory Grid 
Technique (RGT) to involve listeners in the process of 
defining a set of verbal spatial attributes which could be 
used to structure their experiences of reproduced audio. 
According to Tindall; “The aim of the repertory grid is 
to illuminate a person’s current understand of whatever 
it is they are concerned with” (Banister et al. 1994). For 
Kjeldsen (1998), RGT “brings into focus the 
individual’s reflections, thus opening a field of 
investigations into not only immediate responses, but 
the reasoning that makes people respond as they do”. 
Accordingly, RGT can provide a useful means of 
clarifying data; enabling information about how a 
descriptive language is being used to be elicited from 
listeners.  
Using the RGT, data about an individual’s experiences 
are typically obtained by asking that individual to 
specify how two elements (anything from people to 
loudspeakers) are similar and yet different from a third. 
The elicitation process results in the formation of a set 
of bipolar constructs. To take full advantage of the RGT 
process, it is then possible to ask listeners to rate 
different elements using their individual construct 
scales. Furthermore, the completed grid can be 
submitted to a statistical analysis to determine patterns 
in an individual’s system of constructs5. However, for 
the purpose of developing a descriptive language, RGT 
can be used in its simplest form: to provide information 
about how an individual’s descriptive language relates 
to their auditory experiences. In this simplified form, the 
outcome of the clarification process is a list of 
terminology describing how the listener uses their 
descriptors to represent their individual auditory 
experiences.  
AES 118th Convention, Barcelona, Spain, 2005 May 28–31 
                                                          
5 See Berg 2002 (publication 1) for a more detailed 
summary of RGT. 
3.3. Development of a common language  
The development of a common language is advisable to 
ensure that a descriptive medium is meaningful to all 
who use it. To illustrate this point, it is possible (when 
using a listener’s own individual language) for a 
misunderstanding to occur if researcher and respondent 
represent different experiences using the same term. The 
objective of the development stage is therefore to create 
a common language with which to describe listeners’ 
auditory experiences. “Communalisation” or “inter-
subjectivity” is possible because, as Köster asserts, 
“people may have much more in common in the way 
they experience situations than it seems at first sight” 
(Köster, 2003, p370). Köster consolidates his assertion 
by stating “if situations were really completely 
individual and private, communication of feelings 
would be impossible. Literary books would not be 
published and the film industry would not exist” (ibid.). 
Although it is crucial for any description to be 
undertaken initially by the individual (so that this 
description reflects the stimulus as experienced by the 
individual) a further rationale for the development of a 
common language is to obtain a more thorough 
understanding of how stimuli are experienced. 
Moustakas believed that an individual’s knowledge may 
be influenced or “corrected” by looking at the 
phenomenon “from the perspective of another self” 
(Moustakas, 1994. p94); this social interaction leading 
to the adoption of a more inter-subjective description of 
the phenomenon by the individual. Husserl, cited in 
Moustakas (ibid.) stated that this process of 
communalisation alters validity through “reciprocal 
correction”; enabling each individual to obtain a more 
complete understanding of the phenomenon being 
revisited. Similarly, for Kelly it is the constant exposure 
to an event that causes the individual to challenge the 
constructions which are already in existence.  
“The succession of events in the course of time 
continually subjects a person’s construction system 
to a validation process. The constructions one 
places upon events are working hypotheses, which 
are about to be put to the test of experience”.  
               (Kelly, 1963, p72) 
The procedure for developing a descriptive language 
conforms (in part) to the process employed in 
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Quantitative Descriptive Analysis (QDA)6. Although 
primarily used in the food industry, descriptive analysis 
has also been employed by Zacharov and Koivuniemi 
(2001a) in their Audio Descriptive Analysis & Mapping 
procedure (ADAM).  
The procedure detailed in this paper involves a group of 
panelists meeting under the guidance of a panel leader 
to develop a common language. In order to be included 
in the common language, each descriptor has to meet 
the criteria that it can be used by all panel members to 
comprehensively describe a distinct auditory 
experience. The role of the panel leader is to facilitate 
the discussion, ensure that materials needed by the 
panelists are available, and to keep notes. To guarantee 
that the developing language is representative of the 
listeners’ experiences, the panel leader should not 
participate in the actual development of any descriptive 
terminology. Thus, to avoid biasing the development 
process, the panel leader should be limited to using only 
the descriptive language being used by the panelists. To 
ensure that even the most reticent of panelist’s auditory 
experiences are represented in the developing language, 
the use of several small panels is preferred over one 
large discussion group.7
Panel discussion commences with listeners familiarising 
themselves with how each panelist uses their descriptive 
terminology and the auditory experiences being 
represented. Discussion is structured according to the 
following steps: 
1) Panelists’ descriptors are grouped according to 
similarities in the experiences being represented. 
Panelists’ should be allowed to remove terms from 
their individual language lists which they consider 
to be of little relevance and to add descriptors 
where their experiences are not adequately 
represented.  
2) Discussion between listeners of possible overlaps in 
their application of terminology to experiences. 
This is a further opportunity for panelists to clarify 
whether the same terminology is being used by 
different panelists to represent similar experiences, 
or if differences exist in the application of 
descriptor to experience. 
AES 118th Convention, Barcelona, Spain, 2005 May 28–31 
                                                          
6 An overview of QDA is provided in Hootman’s 
Descriptive Analysis Testing (1992) 
7 A practice supported by Koivuniemi and Zacharov 
(2001) 
3) The creation of a list of the most salient experiences 
of the group and descriptors for representing these 
experiences.   
4) Generation of descriptive scales to enable the 
representation of differences in experience 
intensity.  
It is acknowledged that (following the development 
stage) a listener may have a different way of 
understanding their experiences. Similarly, as a result of 
their participation in the development of the language, 
listeners can no longer be thought of as ‘naïve’. Thus, 
the evolution of both listener and their descriptors will 
influence the information communicated to the 
researcher using the language. However, even though 
the process of developing a common language may have 
altered the listeners’ understanding of their original 
experiences, these experiences will remain individual to 
the listener. Thus, as with any common language (for 
example the English language) the developed 
descriptors should still provide the listener with a means 
of communicating their individual auditory experiences.  
3.4. Evaluation of common language  
In developing a common language, the researcher 
should be in a better position to comprehend (without 
ambiguity) the experiences being represented by the 
individual listeners. However, there exists the 
possibility that the individual (who has previously 
represented experiences using their own descriptors) 
will be unable to use a common language to represent 
these experiences. Evaluation is therefore necessary to 
establish the appropriateness of the developed language. 
The hypothesis for the evaluation stage (modelled on 
the one proposed by Berg in 2002) can be stated as 
follows: 
If a common descriptive language has sufficient 
meaning for a listener - in other words, if the 
language is a suitable medium through which a 
listener can communicate their auditory 
experiences - the listener will be able to use the 
language to represent differences in reproduced 
audio stimuli where differences in the listener’s 
experiences exist. 
To test this hypothesis, a subjective study should be 
conducted whereby listeners are asked to use the 
developed descriptors to represent their auditory 
experiences of different stimuli. As summarised earlier 
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in section 2, the possibility that listeners will use the 
common language to describe different auditory 
experiences means that the language’s effectiveness 
cannot be solely evaluated using conventional statistical 
procedures. Two complimentary analysis methods are 
therefore proposed to evaluate data obtained using the 
common language. 
1) A statistical analysis of the differences represented 
using the descriptive language.  
2) A qualitative analysis of listeners’ responses to 
establish reasons for any non-significant differences 
or response ambiguities. This analysis can also 
provide evidence about whether the developed 
descriptors are being used as agreed, or if listeners’ 
are moulding the language to represent alternative 
or additional experiences. 
3.5. Validation of researcher’s data analysis 
by listeners  
AES 118th Convention, Barcelona, Spain, 2005 May 28–31 
The method for developing a listener-focused 
descriptive language is iterative, ensuring that a 
language can continue to evolve in response to changes 
to the context in which the language will be used, or to 
minimise any ambiguities in communication. Even 
though the method allows for the continual modification 
of the language, this doesn’t necessarily guarantee the 
validity of the researcher’s comprehension of the 
listener’s auditory experiences. To verify that the 
researcher understands the experiences being described 
using the developed descriptors, the final stage in a 
language’s development should encourage listeners to 
comment on any analysis undertaken by the researcher; 
the listener - according to Miles and Huberman - being 
best placed to provide feedback regarding the 
researcher’s understanding of their experiences:  
“An alert and observant actor in the setting is 
bound to know more than the researcher ever will 
about the realities under investigation…In that 
sense, local informants can act as judges, 
evaluating the major findings of a study.”   
    Miles and Huberman (1994, p275) 
3.6. The descriptive process model 
At each stage in a language’s development, the 
simultaneous evolution of a descriptive process model 
provides a means of visually illustrating either 
ambiguous or effective communicative routes between 
listener and researcher. Firstly, the descriptive process 
considers how a listener’s individual experience (Exp1- 
Expn) can be represented (R) using either individual 
(IR) or common (UR) descriptors. Secondly, the process 
looks at whether the researcher is able to comprehend 
(C) the listeners’ experiences when communicated. The 
researcher’s comprehension can either be representative 
of the listener’s experience (CR) or a mis-
comprehension (CM). This determination is based on 
the presence of problematic ambiguities in the 
preceding stages of the descriptive process. As 
illustrated in figure 3.1, an ambiguity in the model is 
illustrated as a dotted line between ensuing stages. A 
progression which is without ambiguity is denoted by a 
solid line. Elements of the descriptive process which are 
not considered - for example the stimulus (St.) - are 
shown in the model, but shaded lighter.  
 
 
Figure 3.1: An exemplary descriptive process model illustrating 
how unidentified ambiguities lead to ineffective communication.  
 
 ? 
 
 
 
 ExpnExp2Exp
 
 
 
 
 
 
 
 
 
 
Figure 3.2 presents a model of an effective 
communication; defined as one which enables the 
researcher to understand (C) the listener’s individual 
auditory experiences (Exp1- Expn) when described (R) 
using the developing language.  
 
Figure 3.2: Effective communication 
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CR
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R
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4. USING THE LANGUAGE-DEVELOPMENT 
METHOD TO CREATE U-GAL 
Although verbal descriptors have enabled the effective 
representation of listeners’ auditory experiences8 (and 
provided the researcher with information about salient 
auditory attributes that can be communicated verbally) a 
verbal medium is not the only means of communicating 
spatial information. Accordingly, the development of a 
descriptive graphical language was suggested as a 
means of obtaining an alternative perspective on 
listeners’ auditory experiences. The rationale for 
developing a graphical language is explained in Mason 
et al (2001).   
Graphical methods have been used as an alternative to 
egocentric pointing techniques for estimating the 
location of a reproduced audio stimulus9. Although 
requiring the listener to translate between an egocentric 
reference and an external perspective, these pictorial 
methods have enabled a two-dimensional representation 
of a three-dimensional auditory environment to be 
displayed in its entirety (within the constraints of a 
response form). Even though graphical responses have 
been solicited in subjective audio evaluation10, studies 
have shown little evidence of the systematic evaluation 
of the graphical medium itself. Moreover, the style of 
graphical response has - more often than not - been 
prescribed by the researcher, rather than elicited from 
the individual listener or developed by a panel of 
listeners. Essentially, rather than exploring how a 
listener can structure their experiences using a graphical 
language, researchers have asked listeners to use the 
medium when representing pre-determined attributes of 
a reference.  
The following sections summarise how a descriptive 
graphical language (U-GAL) was developed using the 
AES 118th Convention, Barcelona, Spain, 2005 May 28–31 
                                                          
8  See, for example, the work of Zacharov and 
Koivuniemi (2001a, 2001b) and Berg (2002) 
9 Evans’ (1998) review provided an overview of various 
directional estimation techniques. Studies of methods 
for obtaining directional information were undertaken 
by Montello et al. (1999) and Haber et al. (1993).  
10 Within the discipline of audio engineering, graphical 
methods for collecting data  have been employed by 
Blauert and Lindemann (1986); Nielsen (1991); Møller 
et al. (1996); Wenzel (1999); Martin et al. (1999); 
Martens (1999); and, more recently, Usher and 
Woszczyk (2003, 2004). 
method outlined in section 3. The objective in 
developing and systematically evaluating U-GAL was 
to evolve a medium which enabled the effective 
communication of listeners’ auditory spatial experience.  
4.1. Eliciting individual descriptors from 
listeners  
Three separate investigations were conducted in the 
earliest stages of U-GAL’s development. These studies 
asked listeners to use their own individual graphical 
descriptors when representing their spatial experiences 
of various (two-channel stereo) stimuli reproduced 
within either a listener room or, more latterly, a 
motionless vehicle. These initial investigations provided 
the researcher with their first opportunity to analyse 
graphical data and an early indication of whether a 
graphical language could be used as an effective 
communication medium. Following each study, 
improvements were made to the investigation 
procedure. For example, instead of continuing to use 
commercially available two-channel stereo music CDs, 
stimuli were simplified following the initial pilot study 
and later studies used purposely recorded material. 
Improvements were also made with respect to the 
listening population. Whereas the pilot study used three 
(musical) listeners, the final investigation asked 31 
(naïve and more experienced) individuals to graphically 
describe their experiences of the reproduced stimuli. 
Details regarding the three elicitation investigations are 
provided in Ford et al. 2001, 2002a and 2002b. 
Although the responses elicited from listeners during 
the initial elicitation investigations indicated they were 
able to represent their auditory spatial experiences 
graphically, ambiguities in these depictions prevented 
the researcher from fully understanding the listeners’ 
experiences. Ambiguities arose when listeners described 
the same stimulus differently, or when their depictions 
didn’t appear to relate to the manipulation of the stimuli. 
Reasons for these anomalies were unknown, leading to 
the descriptive process visualised in figure 3.1. 
Consequently, to improve the effectiveness of the 
language, reasons for these ambiguities needed to be 
identified during the clarification stage.  
4.2. Clarifying listeners descriptions 
The process of clarifying how listeners were using their 
descriptive languages was documented in Ford et al. 
2003a. To briefly summarise, the clarification process 
commenced with a further elicitation phase (due to the 
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delay between the previous elicitation and this 
clarification phase). Once again listeners were asked to 
describe their auditory spatial experiences using their 
own graphical descriptors. Following an initial analysis 
by the researcher, these individual graphical descriptors 
were returned to their originators for verbal 
clarification. 
Although, during the latter elicitation stages, listeners 
had been asked to describe the width and location of 
stimuli as experienced11, the verbal clarification of 
listeners’ responses determined that listeners’ perceived, 
and therefore depicted, sound as occupying a two-
dimensional area or three-dimensional volume of space 
within a vehicle. This area could be well defined12 or 
less focused and likewise, instruments within this area 
could be easily located at a specific position or more 
diffuse. Some listeners structured their experiences in 
envelopes of sound - where sound projected or spread 
away from a focal point or centre. Terms such as 
wrapping around, involving or surrounding suggested 
that, if width was being considered at all, it was being 
considered on the same construct scale as envelopment. 
The use of two-dimensional graphical and verbal 
descriptors and the description of alternative attributes 
(such as ambience and height) indicated that when 
asked to describe the width of a stimulus, listeners may 
have been asked to represent an attribute not readily 
experienced or easily represented using a graphical 
medium. Furthermore, the specific statement by one 
listener that he was responding to the written instruction 
rather than representing his actual experiences 
suggested that listeners may not have been able to 
identify any experience related to this instruction.  
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Clarification of the individual graphical depictions had 
therefore identified that the terminology used by the 
researcher when providing listeners with instruction was 
a source of ambiguity. Accordingly, following the 
clarification phase, the descriptive process model 
                                                          
11 The attributes of ensemble and instrument width (and 
location) were selected following an analysis of the data 
elicited during the pilot study. The rationale for 
restricting listeners to describing width and location was 
twofold. Firstly, to enable listeners to focus on 
describing (what were believed to be) their most salient 
experiences and secondly, to reduce the amount of 
graphical data requiring analysis; this had previously 
restricted the researcher’s ability to understand the 
experiences being depicted.  
12 Terms in italics denote the use of the listeners’ own 
languages 
included the question (Q) posed by the researcher as a 
potential source of ambiguity. The descriptive process 
could therefore be modelled as illustrated in figure 4.1. 
In this figure, the question (Q) is (at times) unrelated to 
the listeners’ experiences (Exp1 – Expn). Hence, in this 
situation, any comprehension by the researcher (CQ) 
will be representative of the listener describing the 
research question and not their experiences (IRQ).  
Further mis-comprehension (CM2) is possible when the 
listener represents (IR2) their experience and not the 
written instruction (the question) provided by the 
researcher. The final source of ambiguity depicted in the 
descriptive model (CM1) accounts for the possibility 
that the researcher may misunderstand a listener’s 
auditory experience if this is represented using the 
listener’s own individual language (IR1). 
 
Figure 4.1: Descriptive process model following the clarification 
of listeners’ descriptions 
 
 
 
 
 
 
 
 
 
 
 
 
Q 
Exp2Exp1 Expn
IRQ IR1 IR2
St 
CR1 CM1 CM2CQ 
 
4.3. U-GAL Development 
To minimise the ambiguities identified in the 
clarification stage, the same 20 listeners participated in 
the further development of the descriptive language. 
Further development was characterised by inter-
subjective discussions in small groups. During the 
discussion sessions a communal graphical language (U-
GAL) was developed. The development of U-GAL was 
advantageous as this medium could be used by all 
listeners to describe their individual auditory spatial 
experiences whilst simultaneously being understood by 
the researcher. Using the same process of inter-
subjective discussion, a set of verbal descriptors was 
also developed to minimise the ambiguity in verbal 
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communication between researcher and listener; 
particularly in the provision of written investigation 
instruction. Specific details regarding the development 
of U-GAL are presented in Ford et al. 2003b, but a brief 
overview is provided below. 
Even though all discussion panels started with disparate 
sets of graphical and verbal terms, similarities existed 
between panels when these individual descriptors were 
consolidated in the panel languages. As illustrated in 
figure 4.2, the language for each group enabled the 
graphical depiction of the area or size covered by a 
separate sound or audio image.13 Graphical descriptors 
were also developed in order to represent what could be 
described as the focal point, main part, centre of sound 
or the origin of each localisable source within an audio 
image. 
 
Figure 4.2 Graphical representations of area & focal point as 
developed by the five individual panels 
 
 
 
   
 Panel 1     Panel 2        Panel 3     Panel 4        Panel 5 
The distinct languages developed by the individual 
panels were consolidated into a single descriptive 
graphical language and a set of associated verbal 
terminology that could be used by all panelists to 
structure and represent their spatial experiences. This 
final U-GAL is illustrated in figure 4.3.  
 
Figure 4.3: U-GAL 
 
 
 
 
               
13 An aud
as the dec
location o
instrumen
these are 
number o
As anticipated (due to their importance in the individual 
panel languages), U-GAL enabled the description of a 
size of sound (a round-cornered rectangle used to 
represent the area covered by each separate sound) and 
a circular centre of sound; used to describe a source 
which had a localisable, (focused or definable) core or 
centre. Listeners decided that a letter should be 
employed to indicate which instrument was being 
described by a particular descriptor. 
One further attribute was integrated in U-GAL which 
had not been included in the individual panel languages. 
This feeling of space descriptor was represented using a 
cloudy shape which could change in size according to 
the size of the environment the listeners felt themselves 
to be listening in. Even though all panelists agreed to 
the inclusion of this term, one panelist had reservations 
about how listeners were actually going to use the 
descriptor. Specifically, since listeners were actually sat 
in a physical environment (the vehicle) with its own 
dimensions, the panelist was unsure how listeners were 
going to differentiate between the actual space of the 
vehicle and the environment they felt themselves to be 
listening in. 
Following the development of U-GAL, the descriptive 
process model was as illustrated in figure 4.4. At this 
stage it was believed that the descriptive process had 
been improved over preceding investigations by 
minimising potential ambiguities in the researcher’s 
comprehension of listeners’ graphical representations. 
Furthermore, the development of the associated verbal 
descriptors increased the likelihood of the researcher 
using the appropriate terminology when writing 
instructions for future investigations which would 
require the use of a graphical response medium. Thus, it 
was feasible at this stage to suggest that the descriptive 
process would progress from a listener’s experiences 
(Exp1 – Expn) to the researcher’s comprehension of this 
experience (CR) via their graphical representation (UR1) 
P X 
P
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io image (or separate sound) can be described 
onstruction of each stimulus according to the 
f its component instruments. Any number of 
ts can exist within a separate sound providing 
located in the same space. Accordingly, any 
f separate sounds may exist for one stimulus. 
without ambiguity. However, this was, as yet, unproven. 
Should the verbal language used by the researcher (Q) 
remain ambiguous, there would still exist the possibility 
for a listener to respond (URQ) to the written instruction 
and not their auditory spatial experiences. Moreover, 
with the development of U-GAL, one foreseeable 
problem was that listeners would not be able to 
represent their individual experiences using this 
common language (UR3). Consequently, it was 
necessary to evaluate the developed descriptors at this 
stage.  
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Figure 4.4: Descriptive process model following the 
development of U-GAL 
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4.4. Evaluating U-GAL 
Twenty-two listeners were involved in the evaluation of 
the developed language (11 new listeners and 11 who 
had taken part in U-GAL’s development). The decision 
to involve new listeners was made to establish whether 
the inter-subjective language could be used by listeners 
other than those involved in its development (briefly, 
would a listener’s previous experience of the language 
alter their description?). As with the clarification study, 
listeners sat in the driver’s seat of a motionless vehicle 
which was equipped with a multichannel audio system, 
however, on this occasion, listeners used U-GAL to 
describe spatial characteristics of trio ensemble and solo 
instrument stimuli. Descriptions were obtained using a 
computerised response gathering form which listeners 
could hold flat on their laps and operate with a pen-like 
pointer. Before commencing the investigation, listeners 
read an instruction sheet which used the developed 
verbal terminology to define each graphical descriptor.  
U-GAL’s effectiveness was evaluated using a 
combination of statistical and qualitative analysis 
methods. In situations where the statistical analysis 
indicated that listeners were not describing differences 
between stimuli, it was necessary to establish whether 
these results were due to the unsuitability of the 
descriptive language, the listener not experiencing any 
differences between stimuli, or some other ambiguity. A 
graphical analysis was conducted in these potentially 
ambiguous situations. As U-GAL was developed to 
make the task of the researcher easier when attempting 
to understand listeners’ graphically represented 
experiences, a further examination of listeners’ 
graphical responses ascertained whether listeners had 
used the developed descriptors to represent their 
experiences as had been agreed during U-GAL’s 
development, or if they were moulding descriptors to 
represent alternative, or additional, experiences. This 
evaluation was essential as the researcher would base 
their understanding of listeners’ auditory spatial 
experiences on the agreed use of the U-GAL 
descriptors. Thus, in situations where listeners deviated 
from using the descriptive language as agreed, this 
alternative use of the language could prevent effective 
communication using the developed language.  
Q 
Exp2Exp1 Exp
URQ UR1 UR3
Statistical analysis identified that (of the 22 listeners) 
only three were unable to describe any differences 
between the various stimuli using U-GAL. Following a 
graphical analysis of listeners’ responses, a suitable 
explanation was found for the majority of insignificant 
differences. For example, it was determined that a 
combination of listening location and stimuli resulted in 
listeners’ positioning the left-of-centre stimuli towards 
the centre of the vehicle. 
St 
CM3CR CQ 
Ambiguities were, however, present in listeners’ 
graphical responses. The combined statistical and 
qualitative analyses indicated that two of the naïve 
listeners were unable to use U-GAL to describe their 
experiences. For one of these listeners, little difference 
existed in their representations, suggesting that; (i) the 
listener was experiencing little difference in the 
reproduced stimuli; (ii) that U-GAL was an unsuitable 
medium with which to represent this listener’s 
experiences, or; (iii) in adhering to the investigation 
instruction the listener was prevented from describing 
their experiences. For the second listener, their use of 
the term spaciousness implied that an alternative 
perceptual attribute was being described.  
The further examination of listeners’ descriptions 
ascertained that many appeared to be using the 
developed descriptors differently from the way they 
themselves had agreed the language should be used. 
This individualism in their use of the common language 
could have occurred because; (i) listeners (at this 
relatively early stage of the language’s development) 
were more familiar with their own descriptors than with 
U-GAL, or; (ii) listeners wished to describe more 
complex experiences than could be represented with the 
existing descriptor set. Alternatively, (iii) it was 
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possible that, even following the development of a 
verbal descriptor set, the written instruction provided by 
the researcher was still unrelated to the listeners’ 
auditory spatial experiences. 
Following U-GAL’s evaluation, the descriptive process 
model (see figure 4.5) highlighted how - at this stage in 
the descriptive language’s development - listeners were 
able to represent their individual auditory spatial 
experiences (Exp1) using the common language (UR). 
Accordingly, U-GAL could be said to enable effective 
communication between listener and researcher.  
Ambiguities identified during the evaluation of U-GAL 
were also illustrated in the descriptive process model at 
this stage. For example, in figure 4.5, one route depicts 
how misunderstanding (CQ) could result from the 
listener responding (URQ) to the written instruction (Q) 
and not their experiences, and conversely, a second 
route demonstrated how ambiguity could be caused by 
the listener representing their experiences (UR2) and not 
the question posed by the researcher. Ambiguous routes 
also reflected how the listener could have used the 
common language differently to agreed (CM4). Finally 
the model allowed for the possibility that listeners were 
unable to represent their individual spatial experiences 
using the common language (either CM3 or CM5 14). 
 
Figure 4.5: Descriptive process model following the evaluation 
of U-GAL 
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                                                          14 This latter (CM5) situation also accounted for the 
listener misunderstanding the written instruction (Q) 
provided by the researcher 
Although (to minimise the sources of ambiguity 
represented in the descriptive process model) listeners 
could be restricted to using U-GAL as agreed, this 
course of action was deemed unwise at this early stage 
in the language’s development because, when restricted, 
listeners’ representations would not necessarily reflect 
their auditory spatial experiences. Consequently, even 
though the researcher would be more likely to 
understand the representations, the listeners’ inability to 
represent their experiences would prevent the objective 
of effective communication from being realised. Rather 
than restrict the listeners’ use of language, further 
development of U-GAL was considered essential to 
ensure that ambiguities in the descriptive process could 
be minimised.  
4.5. The further development of U-GAL 
Development of the current descriptive graphical 
language is therefore proposed which makes further use 
of the iterative language-development method described 
in this paper. This future work can be summarised as 
follows: 
 
(i) Re-evaluate individual listeners’ use of the current 
U-GAL to obtain contemporary information about 
how listeners are describing their auditory spatial 
experiences15.  
 
(ii) Clarify any ambiguities in the listeners’ use 
of U-GAL by returning graphical depictions 
to the individual respondents for comment.  
 
Q 
St 
(iii) Develop the current descriptive graphical 
language based on the findings of the 
clarification stage. Improvements will be 
made during a period of inter-subjective 
listener discussion. 
 
(iv) Evaluate individual listeners’ use of any 
developed descriptors in a formal 
investigation. 
 
(v) Validate the researcher’s understanding of 
listeners’ auditory spatial experiences. Since 
the aim is for the descriptive language to 
represent listeners’ auditory experiences, it is 
     not sufficient for the appropriateness of the 
     medium to be determined by the researcher.       
15 Re-evaluation is required due to the time elapsed 
since the original evaluation of U-GAL.  
CM5
UR3
Exp2
URQ 
Exp
n
CR CQ 
UR 
Exp1
CM3
UR5UR4UR2
CM4CM2
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Consequently, before the researcher’s comprehension of 
the listeners’ auditory experiences can be accepted as 
adequate, the listeners should be provided with an 
opportunity to comment on any analysis undertaken by 
the researcher in a final language validation stage.  
Since language is context dependent, it is prudent that 
the effectiveness of U-GAL be re-evaluated when the 
context in which it is to be used changes. The iterative 
nature of the language-development method allows for 
the evolution of U-GAL in this situation or when the 
evaluation of novel audio devices necessitates the 
development of the language. Currently, a change in 
context is proposed with respect to the stimuli 
employed. Specifically, the listeners’ use of U-GAL to 
describe a disparate range of stimuli requires 
investigation. This modification is necessary in order to 
identify whether the lack of descriptive differences 
observed during the evaluation stage can be attributed to 
insufficient diversity between the programme material.16
5. DISCUSSION 
In conclusion, the research presented in this paper has 
endeavoured to engage with (rather than screen out) the 
subjectivity of the listener, with listeners’ individual 
auditory experiences regarded, a priori, as valid. Rather 
than the listener attempting to understand what qualities 
of the stimulus the researcher would like them to 
measure, the onus is on the researcher to explore and 
understand the listeners’ individual experiences. This 
exploration ensures that subsequent studies consider 
attributes relevant to the listener, thereby improving the 
validity of subjective audio evaluation. A descriptive 
graphical language has been developed to enable the 
communication of listeners’ auditory experiences.  
 
The current U-GAL has undoubtedly been influenced 
by the specific context of its development. For instance, 
were different stimuli to be used, these could give rise 
to different auditory experiences which would require 
representation using alternative graphical descriptors. 
The setting of investigations (within an automotive 
environment) should also be recognised alongside any 
declaration of the effectiveness of the graphical 
language for fulfilling the objective of effective 
communication. Furthermore, although the listening 
AES 118th Convention, Barcelona, Spain, 2005 May 28–31 
                                                          
16 In due course, consideration may also be given to the further 
development of stimuli with respect to complexity. This proposal 
is tentative as the use of more complex material could 
potentially complicate the task of both listener and researcher 
and introduce a greater level of ambiguity into the descriptive 
process.  
population was extended over the duration of the 
language’s development and included both experienced 
and inexperienced listeners (to improve the external 
validity of the descriptive language), an alternative 
population might have developed a different set of 
graphical descriptors. Finally, although listeners 
developed their own graphical language to represent 
their experiences, it is acknowledged that the current 
language has inevitably been framed from the 
perspective and understanding of the researcher; it was 
the researcher who defined the research objective, 
analysed data and selected the listeners, programme 
material and the investigation procedures.  
Consequently, although it is feasible to suggest that U-
GAL could be effective when used in alternative 
contexts, it would be unwise to make general statements 
regarding the effectiveness of this language without 
further investigation. It is therefore sufficient to state 
that the developed graphical descriptors can be used for 
representing the selected listeners’ auditory spatial 
experiences of simple musical stimuli when reproduced 
over a multichannel audio system within an automotive 
environment. 
Whereas the validity of a particular language is limited 
by the specific context of that language’s development, 
the method for developing a listener-focused descriptive 
language (by methodically investigating and minimising 
ambiguities in listeners’ responses) is not limited in this 
way. This independence allows for the method’s use in 
other contexts where the development of a listener-
focused descriptive language is required. Furthermore 
the five-stage - elicitation, clarification, development, 
evaluation and (ultimately) validation - process is 
iterative, ensuring that a developing language can 
continue to evolve in response to findings from 
subjective evaluations or changes in context. 
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